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(54) Wire-cut electric discharge machine having wire tension control function

(57) When a wire electrode is arranged along a
traveling path by manual operation, a motor M1 for feed-
ing the wire electrode to a workpiece is drivenin response
to a predetermined torque command from a control sec-
tion with a switch SW1 on a side a. The wire electrode
is connected, and a motor M2 for delivering the electrode
from the wire is driven at a predetermined speed, where-
by the electrode is run. Then, the switch SW1 is shifted
to a side b and a switch SW2 to the side a, and the motor
M1 is subjected to torque control such that a tension on
the wire electrode detected by a tension detector is equal
to a command tension. When a variation of the tension
on the wire electrode is converged, the switches SW1
and SW2 are shifted to the side b, speed control of the
motor M1 is performed so that detected tension is equal
to the command tension, and electric discharge machin-
ing is started.
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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a wire-cut elec-
tric discharge machine having a wire tension control func-
tion.

Description of the Related Art

[0002] In a wire-cut electric discharge machine, a ten-
sion is applied to a wire electrode as the electrode is run,
avoltage is applied between a workpiece to be machined
and the electrode to cause electric discharge, and the
workpiece is machined by the electric discharge. In order
to apply the tension to the wire electrode, a take-up roller
is driven by a motor to take up the electrode at a fixed
speed. Further, the tension is applied to the electrode by
using a brake roller that is provided with resistance ap-
plying means, such as a powder brake, for controlling
torque.

[0003] Inaknown wire electrode tension control, a first
motor for feeding a wire electrode to a workpiece and a
second motor for delivering the wire electrode from the
workpiece are located on the wire feed side and takeout
side, respectively, of the workpiece. In this tension con-
trol, the tension on the wire electrode is detected by
means of a tension detector, and the speed of the motor
is controlled so that the difference between the detected
tension and a preset tension is zero (see Japanese Pat-
ent Application Laid-Open No. 7-328849).

[0004] In another known wire electrode tension con-
trol, capstans that run a wire electrode held by pinch roll-
ers are disposed individually on the upstream side and
downstream side with respect to the feed of the electrode
to a workpiece, and a tension on the wire electrode is
controlled in a manner such that the upstream capstan
is rotated at a fixed speed and the downstream capstan
is given a fixed torque that acts in the same direction as
the direction of the rotation. In still another known wire
electrode tension control, a tension on a wire electrode
is controlled in a manner such that the rotational speed
of a downstream capstan is fixed and an upstream cap-
stan is given a fixed torque that acts reversely to the
rotating direction. In a further known wire electrode ten-
sion control, a tension is applied to a wire electrode in a
manner such that the travel of the electrode is braked by
making the peripheral speed of an upstream capstan low-
er than that of a downstream capstan (see Japanese
Patent Application Laid-Open No. 2001-328029).
[0005] In wire-cut electric discharge machining, a wire
electrode delivered from a wire bobbin is arranged along
a traveling path, including guide rollers, a feed roller, a
machining start hole or groove in a workpiece, delivery
rollers, etc. This arrangement of the wire electrode along
the traveling path is called wire connection. The electric
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discharge machining is performed with the feed roller and
the delivery rollers driven to run the wire electrode as a
voltage is applied between the electrode and the work-
piece.

[0006] When the travel of the wire electrode is started
in order to connect the electrode, thereby starting the
electric discharge machining, the guide rollers and the
like are stationary. At the start of travel of the wire elec-
trode, the staticfriction force and inertial force of the guide
rollers act as a tension on the electrode, and this tension
is unstable. In many cases, therefore, the control is so
unstable that the wire electrode inevitably breaks despite
the application of the prior art techniques in which the
tension control is performed based on speed control of
the motor that drives the travel of the electrode.

[0007] The wire electrode sometimes must be manu-
ally delivered when the wire bobbin is to be replaced with
a new one or if the electrode is broken during machining.
Conventionally, in manually delivering the wire electrode
to be connected, a feed motor that feeds the electrode
toward the workpiece is never driven, and its speed con-
trol is disabled. In order to reduce costs and simplify the
structure, moreover, a speed reduction mechanism is
generally used for the motor that drives the travel of the
wire electrode. Thus, if the wire electrode is to be man-
ually taken out with the motor drive stopped, the operation
entails use of an additional force FR (= force (F) for no-
load slip torque of motor X deceleration ratio (R)). Thus,
the manual delivery requires a considerable force.
[0008] In general, on the other hand, the diameter of
a wire electrode ranges from 0.02 mm to 0.4 mm. If the
diameter is not larger than 0.15 mm, the wire electrode
may possibly be broken by an excessive tension when
it is manually delivered.

SUMMARY OF THE INVENTION

[0009] Accordingly, the object of the present invention
is to prevent breakage of a wire electrode in a pre-ma-
chining operation prior to electric discharge machining.
[0010] According to a first aspect of the present inven-
tion, a wire-cut electric discharge machine having a wire
tension control function comprises a first motor for feed-
ing a wire electrode to a workpiece to be machined, a
second motor for delivering the wire electrode from the
workpiece, tension detecting means which is located be-
tween the workpiece and the first motor and detects a
tension on the wire electrode, speed detecting means for
detecting respective rotational speeds of the first and
second motors, first control means for controlling the ro-
tational speed of the first motor to be equal to a preset
rotational speed, second control means for controlling a
rotational torque of the second motor so that the tension
on the wire electrode detected by the tension detecting
means is at a preset value, third control means for con-
trolling the rotational speed of the second motor so that
the tension on the wire electrode detected by the tension
detecting means is at a preset value, and switching con-
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trol means which causes the first control means to driv-
ingly control the first motor, causes the second control
means to perform torque control for the second motor,
thereby running the wire electrode, and switches the sec-
ond control means over to the third control means to per-
form speed control for the second motor when machining
is started. With this arrangement, breakage of the wire
electrode is prevented by reducing an excessive load
that acts on the electrode at the start of its travel.
[0011] The switching control means may start the ma-
chining and switch the second control means over to the
third control means after the passage of a preset time
since the start of travel of the wire electrode.

[0012] The switching control means may start the ma-
chining and switch the second control means over to the
third control means after the tension on the wire electrode
detected by the tension detecting means is kept within a
predetermined range for a preset time or longer after the
wire electrode is run.

[0013] The wire-cut electric discharge machine may
further comprise drive control means for driving the first
motor with a preset torque.

[0014] According to a second aspect of the present
invention, a wire-cut electric discharge machine having
a wire tension control function comprises a first motor for
feeding a wire electrode to a workpiece to be machined,
a second motor for delivering the wire electrode from the
workpiece, tension detecting means which is located be-
tween the workpiece and the first motor and detects a
tension on the wire electrode, speed detecting means for
detecting respective rotational speeds of the first and
second motors, first control means for controlling the ro-
tational speed of the second motor to be equal to a preset
rotational speed, second control means for controlling a
rotational torque of the first motor so that the tension on
the wire electrode detected by the tension detecting
means is at a preset value, third control means for con-
trolling the rotational speed of the first motor so that the
tension on the wire electrode detected by the tension
detecting means is at a preset value, and switching con-
trol means which causes the first control means to driv-
ingly control the second motor, causes the second control
means to perform torque control for the first motor, there-
by running the wire electrode, and switches the second
control means over to the third control means to perform
speed control for the first motor when machining is start-
ed. With this arrangement, breakage of the wire electrode
is prevented by reducing an excessive load that acts on
the electrode at the start of its travel.

[0015] The switching control means may start the ma-
chining and switch the second control means over to the
third control means after the passage of a preset time
since the start of travel of the wire electrode.

[0016] The switching control means may start the ma-
chining and switch the second control means over to the
third control means after the tension on the wire electrode
detected by the tension detecting means is kept within a
predetermined range for a preset time or longer after the
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wire electrode is run.

[0017] The wire-cut electric discharge machine may
further comprise drive control means for driving the first
motor with a preset torque.

[0018] The wire-cut electric discharge machine having
a wire tension control function according to the present
invention constructed in this manner can prevent an ex-
cessive tension from acting on the wire electrode at the
start of its travel, thereby preventing breakage of the elec-
trode. In manually delivering the wire electrode, an op-
erator can easily arrange and connect the electrode with-
out being subjected to a heavy load and failing to prevent
breakage of the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects and features of
the present invention will be apparent from the ensuing
description of embodiments with reference to the accom-
panying drawings, in which:

FIG. 1 is a diagram illustrating principal parts of a
wire-cut electric discharge machine according one
embodiment of the present invention;

FIG. 2 is a block diagram showing principal parts of
a controller for controlling the wire-cut electric dis-
charge machine shown in FIG. 1;

FIG. 3 is a flowchart showing an algorithm of tension
control processing for a wire electrode executed by
a processor of a control section of the controller
shown in FIG. 2;

FIG. 4 is a flowchart showing an algorithm of tension
control processing for the wire electrode executed
by a processor of a motor control section for a feed
motor shown in FIG. 2; and

FIG. 5 is a graph showing a tension that acts on the
wire electrode traveling in the wire-cut electric dis-
charge machine shown in FIG. 1,

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] FIG. 1is adiagramiillustrating principal parts of
a wire-cut electric discharge machine according to one
embodiment of the present invention, and mainly shows
a traveling path for a wire electrode 1.

[0021] The wire electrode 1 is taken out of a wire bob-
bin 3, and guided by guide rollers 12, fed to a feed roller
4 that drives the wire electrode to travel, and held be-
tween the feed roller 4 and pinch rollers 5. Then, the
electrode 1 passes through an automatic wire connector
7, an upper wire guide 8, and a workpiece 2 to be ma-
chined (or through amachining start hole in the workpiece
2 in starting virgin electric discharge machining). There-
after, the wire electrode 1 is guided by a lower wire guide
9 and a guide roller 12, and passes through a guide tube
13, held between a pair of delivery rollers 10a and 10b,
and is recovered into a scrap wire recovery box 11. The
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wire electrode 1 is disposed and connected along the
traveling path to undergo these processes.

[0022] The feed roller 4 that feeds the wire electrode
1 toward the workpiece 2 is driven by a first motor (feed
motor M1). The delivery rollers 10a and 10b are driven
by a second motor (delivery motor M2) that takes out the
electrode 1 from the workpiece 2. A tension detector 6
is disposed between the feed roller 4 and the delivery
rollers 10a and 10b. The detector 6 detects a tension on
the electrode 1 in aregion where the electrode 1 performs
electric discharge machining for the workpiece 2. In the
example showninFIG. 1, the tension detector 6 is located
between the workpiece 2 and the feed roller 4. Further,
speed detectors P1 and P2 for detecting the respective
rotational speeds of the feed motor M1 and the delivery
motor M2 are attached to the motors M1 and M2, respec-
tively.

[0023] In this embodiment, a tension is applied to the
wire electrode 1 in the machining region by controlling
the respective speeds or torques of the feed motor M1
and the delivery motor M2. As the electric discharge ma-
chining is performed, the speed of the feed motor M1 or
the delivery motor M2 is controlled so that the tension
detected by the tension detector 6 is adjusted to a preset
value. In this embodiment, the rotational speed of the
delivery motor M2 is controlled to be fixed, while the ro-
tational speed of the feed motor M1 is controlled so that
the tension detected by the tension detector 6 equals the
preset tension.

[0024] If speed control for the feed motor M1 or the
delivery motor M2 is commenced when the travel of the
wire electrode 1 is started to connect the electrode 1 and
initiate the machining, the electrode 1 sometimes may
break due to an unstable tension that is caused by the
static friction force or inertial force of the pinch rollers 5
and the like. If speed control is performed from the start
of the travel of the wire electrode 1 that is loose, the ten-
sion on the electrode 1 is "0" when the delivery motor M2
that takes up the electrode 1 starts to rotate, and the feed
motor M1 on the braking side is not actuated. In conse-
quence, a heavy load acts on the electrode 1 so that the
electrode may break in some cases.

[0025] At the start of the travel of the wire electrode 1,
according to the present embodiment, therefore, a con-
trol method that is different from a method for controlling
the tension on a wire electrode 1 based on the conven-
tional speed control during electric discharge machining
is employed so that the electrode 1 can be prevented
from breaking by feeding the wire electrode 1 by torque
control.

[0026] Itis experimentally revealed, on the other hand,
that speed control is preferable to torque control for main-
taining the tension on the wire electrode 1 constant in a
state where the travel of the wire electrode 1 is stabilized
and the tension is stabilized. According to the present
embodiment, therefore, torque control is performed until
the tension on the wire electrode 1 is stabilized at the
initial stage of travel of the wire electrode 1. When the
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wire tension is stabilized, tension control based on speed
control is performed to start machining.

[0027] In replacing the wire bobbin 3 with a new one
or if the wire electrode 1 is broken during the machining,
moreover, the wire electrode must be connected along
its traveling path. In this case, the electrode 1 is manually
drawn out of the wire bobbin 3 and arranged along the
traveling path by an operator, and wire connection is per-
formed by using the automatic wire connector 7. In a
wire-cut electric discharge machine that is not provided
with the automatic wire connector 7, the wire connection
is performed by the operator’s manual operation.
[0028] In this case, the operation must be manually
performed before the wire connection operation by the
automatic wire connector 7 is started after the wire elec-
trode 1 is drawn out of the wire bobbin 3, held between
the feed roller 4 and the pinch rollers 5, and then drawn
out therefrom.

[0029] In the wire-cut electric discharge machine that
is not provided with the automatic wire connector 7, more-
over, the operation must be manually performed to the
end of the wire connection. Conventionally, the wire elec-
trode 1 is passed between the feed roller 4 and the pinch
rollers 5 and manually drawn out therefrom with speed
control of the feed motor M1 and the delivery motor M2
suspended during the wire connection operation. With
this manual operation, the wire electrode 1 sometimes
may be broken by an excessive tension thatis attributable
to the static friction force or inertial force of the guide
rollers 12, feed roller 4, pinch rollers 5, etc.

[0030] In view of the above, the present invention is
designed to carry out control lest an excessive tension
should act on the wire electrode during wire connection
operation.

[0031] FIG. 2 is a block diagram showing principal
parts of a controller for controlling the wire-cut electric
discharge machine shown in FIG. 1, mainly including
drive control systems for the feed motor M1 and the de-
livery motor M2 for driving the travel of the wire electrode
1.

[0032] A numerical controller that is composed of a
programmable machine controller and a processor may
be used as the controller shown in FIG. 2. This controller
roughly includes a control section (numerical control sec-
tion) 30 for general control and motor control sections
20-1, 20-2, ... that control individual motors.

[0033] As shown in FIG. 2, the control section 30 is
connected with the motor control section 20-1 for con-
trolling the feed motor M1 and the motor control section
20-2 for controlling the delivery motor M2. The control
section 30 is further connected with X-, Y-, and Z-axis
motors and U- and V-axis motors, which move the wire
electrode 1 relatively to the workpiece 2. Since these
motors have no direct connection with the present inven-
tion, their respective control sections are not shown in
FIG. 2.

[0034] The motor control sections 20-1 and 20-2
shown in FIG. 2, like conventional ones, are each com-
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posed of a processor, a memory, etc. The block diagram
of FIG. 2 shows functions that are executed by this proc-
essor. Thus, FIG. 2 is a functional block diagram. The
control section 30 is also connected with a power source
unit for applying a voltage between the workpiece 2 and
the wire electrode 1, the automatic wire connector 7, etc.
Since this arrangement has no connection with the
present invention either, it is not shown in FIG. 2.
[0035] The motor control section 20-1 for the feed mo-
tor M1, like the conventional one, is provided with a speed
control section 21 and a current control section 22. Ac-
cording to the present embodiment, moreover, the motor
control section 20-1 is provided with comparison means
23, switches SN1 and SW2, and blocks 24 and 25. The
comparison means 23 obtains and outputs a difference
(tension deviation €) between a tension command from
the control section 30 and a detected tension from the
tension detector 6. The blocks 24 and 25 multiply the
tension deviation by proportional gains K1 and K2 and
output resulting products.

[0036] The switch SW1 selectively determines wheth-
er to accept a torque command from the speed control
section 21 or the block 25 for the multiplication by the
proportional gain K2 (switchover to a side b) or to accept
a torque command from the control section 30 (switcho-
ver to a side a). The current control section 22, like a
conventional one, performs current feedback control
based on the torque command (current command) ac-
cepted through the switch SW1 and a current feedback
value fed back from a current detector, which is attached
to an amplifier 15-1 and detects a driving current, thereby
obtaining a voltage command for the feed motor M1.
Then, the current control section 22 outputs the obtained
voltage command to the amplifier 15-1 to drive the motor
M1.

[0037] The comparison means 23 obtains and outputs
the difference (tension deviation €) between the tension
command from the control section 30 and the detected
tension from the tension detector 6. The switch SW2 se-
lectively determines whether to output the tension devi-
ation € obtained by the comparison means 23 to the block
25 for the proportional gain K2 (switchover to the side a)
or to the block 24 for the proportional gain K1 (switchover
to the side b). The block 25 for the proportional gain K2
obtains a torque command by multiplying the tension de-
viation € by the proportional gain K2 and outputs it to the
side b ofthe switch SW1. The block 24 for the proportional
gain K1 obtains a speed command by multiplying the
tension deviation € by the proportional gain K1 and out-
puts it to the speed control section 21.

[0038] The speed control section 21, like a convention-
al one, performs speed feedback control based on the
input speed command and a speed feedback value de-
tected by and fed back from the speed detector P1, which
is attached to the feed motor M1, thereby obtaining a
torque command (current command), and outputs the
torque command to the side b of the switch SW1.
[0039] The motor control section 20-2 that controls the
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delivery motor M2 is composed of a speed control section
21 and a current control section 22. It performs speed
feedback control based on a speed command from the
control section 30 and a speed feedback value from the
speed detector P2, which is attached to the delivery motor
M2, thereby obtaining a torque command (current com-
mand). The current control section 22 performs current
feedback control based on the obtained torque command
and a current feedback value from an amplifier 15-2,
thereby obtaining a voltage command for the feed motor
M2. Then, the current control section 22 outputs the ob-
tained voltage command to the amplifier 15-2 to drive the
motor M2. Since the speed and current control sections
21 and 22 of the motor control section 20-2 have the
same functions as their counterparts of the motor control
section 20-1, the same reference numerals are used for
component parts corresponding to each other.

[0040] The following is a description of the operation
of the wire-cut electric discharge machine according to
the present embodiment.

[0041] In replacing the wire bobbin 3 with a new one
or connecting the wire electrode 1 when the electrode 1
is broken, the operator arranges the electrode 1 from the
bobbin 3 to the feed roller 4 and inputs a drive command
for the feed motor M1 to the controller to be ready for the
arrangement of the electrode 1.

[0042] On receipt of the drive command for the feed
motor M1, a processor of the control section 30 of the
controller outputs a switching command for torque control
for the feed motor M1 (command for switchover to the
side a of the switch SW1in FIG. 2) and atorque command
(current command) of a preset value. On receipt of the
switching command for torque control, the processor of
the motor control section 20-1 for the feed motor M1, like
a conventional one, performs current feedback control
(processing of the current control section 22) based on
the torque command (current command) of the com-
manded preset value and a current feedback value fed
back from the current detector that is attached to the am-
plifier 15-1 and detects the driving current, thereby ob-
taining the voltage command for the feed motor M1.
Then, the processor outputs the obtained voltage com-
mand to the amplifier 15-1 to drive the motor M1. In con-
sequence, the feed motor M1 is driven witha commanded
torque.

[0043] This operation is an operation to be performed
when the wire travel is stopped. The torque commanded
in this operation is previously set to a force that is a little
smaller than the aforementioned "force (FR) = force (F)
for no-load slip torque of motor X deceleration ratio (R)"
in a direction in which the wire electrode 1 is manually
drawn out (in other words, to a force small enough not
to cause the wire bobbin to start unintended rotation).
Thereupon, the operator can easily deliver the wire elec-
trode 1 with a small force without breaking it. As men-
tioned before, the feed motor M1 can be easily driven
with a predetermined torque in order to facilitate the man-
ual delivery of the wire electrode and prevent breakage
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of the electrode. Therefore, a description of this operation
with reference to a flowchart is omitted.

[0044] When a machining command is input after the
connection operation for the wire electrode 1 is finished,
the processor of the control section 30 starts processing
shown in the flowchart of FIG. 3, while the processor of
the motor control section 20-1 starts processing shown
in the flowchart of FIG. 4.

[0045] FIG. 3 is a flowchart showing an algorithm of
tension control processing for the wire electrode 1 that
is executed by the processor of the control section 30
when the electrode 1 is run. FIG. 4 is a flowchart showing
an algorithm of tension control processing for the wire
electrode 1 thatis executed by the processor of the motor
control section 20-1 for the feed motor M1 when the elec-
trode 1 is run.

[0046] When a machining start command is input to
the controller, the processor of the control section 30 first
outputs atension control command based on torque con-
trol to the motor control section 20-1 for the feed motor
M1 (Step a1). Then, a first tension command T1 is deliv-
ered to the motor control section 20-1, and a speed com-
mand corresponding to the traveling speed of the wire
electrode 1 during set machining is output to the motor
control section 20-2 for the delivery motor M2 (Step a2).
Thereupon, the travel of the wire electrode 1 is initiated,
and moreover, a timer is reset and started (Step a3).
[0047] On receipt of this speed command, on the other
hand, the processor of the motor control section 20-2 for
the delivery motor M2 executes the processing of the
speed control section 21. Based on this speed command
and the speed feedback value fed back from the speed
detector P2, the processor performs speed feedback
control, such as a proportional and integral processing,
to obtain a torque command (current command)
(processing in the speed control section 21). Based on
the obtained torque command (current command) and
the current feedback value, the processor performs cur-
rent feedback control (processing in the current control
section 22), thereby obtaining a voltage command. Then,
the processor outputs the obtained voltage command to
the amplifier 15-2 to drive the motor M2.

[0048] Thereupon, the delivery motor M2 is drivingly
controlled at a commanded speed to run the wire elec-
trode 1 at a preset speed. Omitted is a flowchart for
processing that is executed by the motor control section
20-2 for drivingly controlling the delivery motor M2.
[0049] When the tension control command based on
torque control from the control section 30 is detected
(Step b1), the motor control section 20-1 for the feed
motor M1 switches the control mode to a torque control
mode (or switches over the switches SW1 and SW2
shown in FIG. 2 to the sides b and a, respectively), reads
thefirsttension command T1, and further reads an output
(detected tension Ts) of the tension detector 6 (Steps b2
and b3).

[0050] Then,thetensiondeviationeis obtained by sub-
tracting the read detected tension Ts from the tension
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command T1 (Step b4), and a torque command (current
command) Ic is obtained by multiplying the obtained ten-
sion deviation € by the proportional gain K2 (proportional
gain for tension control based on torque control) (Step
b5). Current feedback control is performed based on the
obtained torque command (current command) Ic, and a
command voltage for the feed motor M1 is output to the
amplifier 15-1 to drive the motor M1 (Step b6). In this
control operation, the torque of the feed motor M1 is con-
trolled by tension feedback control to drive the motor M1.
[0051] Then, it is determined whether or not a tension
control command based on speed control is input (Step
b7), the processes of Steps b3 to b7 are repeatedly ex-
ecuted until a tension control command is input, and the
torque of the feed motor M1 is controlled so that the ten-
sion on the wire electrode 1 is adjusted to the preset
value.

[0052] On the other hand, the processor of the control
section 30 resets and starts the timer (Step a3), then
reads the detected tension Ts output from the tension
detector 6 (Step a4), and determines whether or not the
read detected tension Ts is within a preset range of ten-
sion (range from TL to TU) (Step a5). If the detected
tension Ts is deviated from the preset range of tension,
the procedure returns to Step a3, in which the timer is
reset and started. Then, the process of Step a4 and the
subsequent processes are executed. If the detected ten-
sion Ts is within the preset range of tension, on the other
hand, it is determined whether or not a preset time in the
timer is up (Step ab).

[0053] If the preset time in the timer is not up yet, the
procedure returns to Step a4, and the execution of the
process of Step a4 and the subsequent processes is re-
peated. If it is concluded that the preset time in the timer
is up, on the other hand, the procedure proceeds to Step
a7. Thus, the processes of Steps a3 to a6 are processes
for continuously determining, for the preset time in the
timer, whether or not the tension Ts detected by the ten-
sion detector 6 is within the preset range of tension. Be-
fore the preset time in the timer is up, the processor of
the motor control section 20-1 for the feed motor M1 re-
peatedly executes the processes of Steps b3 to b7, there-
by performing tension feedback control based on torque
control.

[0054] Whenthe presettimeinthetimerisup, the proc-
essor of the control section 30 outputs the machining
start command and causes the power source unit (not
shown) to apply a voltage between the workpiece 2 and
the wire electrode 1, thereby starting electric discharge
machining for the workpiece 2 based on a machining
program. Further, the processor outputs tension control
command based on speed control to the motor control
section 20-1 for the feed motor M1 (Step a7), outputs a
second tension command T2 to the motor control section
20-1 for the feed motor M1 (Step a8), and the completion
of the machining is awaited (Step a9)

[0055] When the tension control command based on
speed control is detected (Step b7), the processor of the
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motor control section 20-1 for the feed motor M1 reads
the second tension command T2 (Step b8), further reads
the detected tension Ts from the tension detector 6 (Step
b9), and obtains the tension deviation € by subtracting
the read detected tension Ts from the tension command
T2 (Step b10). A speed command Vc is obtained by mul-
tiplying the obtained tension deviation € by the propor-
tional gain K1 (proportional gain for tension control based
on speed control) (Step b11) Speed feedback control
processing is performed based on the obtained speed
command Vc and the speed detected by and fed back
from the speed detector P1, whereby the torque com-
mand is obtained (Step b12). Current feedback control
processing is performed based on the torque command
(currentcommand) Ic obtained by speed control process-
ing and a fed-back driving current value, and the com-
mand voltage for the feed motor M1 is output to the am-
plifier 15-1 to drive the motor M1 (Step b13). Then, it is
determined whether or not the machining is finished
(Step b14), and the tension control based on speed con-
trol in the processes of Steps b9 to b14 is executed until
the machining is finished. Thus, during the electric dis-
charge machining, the tension feedback control is exe-
cuted by controlling the rotational speed of the feed motor
M1.

[0056] When the machining is finished, the processor
of the control section 30 outputs machining end com-
mands to the motor control sections 20-1 and 20-2, indi-
vidually, to stop outputting the tension command T2 to
the motor control section 20-1 and delivering speed com-
mand to the motor control section 20-2 (Step a10), where-
upon this processing terminates.

[0057] FIG. 5 is a graph showing a tension that acts
on the wire electrode 1 traveling in the wire-cut electric
discharge machine according to the present embodi-
ment.

[0058] At the start of its travel, the wire electrode 1 is
subjected to a heavy tension that is caused by the static
friction force and inertial force of the guide rollers 12, feed
roller 4, pinch rollers 5, etc. However, the output torque
of the feed motor M1 that drives the feed roller 4 is con-
trolled by the tension feedback control so that the detect-
ed tension on the electrode 1 agrees with a command
tension. Therefore, the tension on the wire electrode 1
cannot be larger than in the case where the feed motor
M1 is not torque-controlled. In consequence, the occur-
rence of breakage of the electrode 1 can be suppressed.
[0059] At the start, as described above, the travel of
the wire electrode 1 is unstable under the influence of
the static friction force and inertial force of the guide roll-
ers 12 and the like, and the tension on the electrode 1
varies. However, the variation of the tension converges
with the passage of time. In the present embodiment, the
electric discharge machining is executed in a manner
such that the control mode on which the tension feedback
control for the feed motor M1 is based is switched from
torque control to speed control when the variation of the
tension is continued for a predetermined time such that
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the detected tension is within the predetermined range
(from TL to TU).

[0060] If the wire electrode 1 is loose at the start of its
travel, the tension on the electrode 1 can be controlled
by controlling the torque of the feed motor M1 on the
braking side. Therefore, the electrode 1 can be prevented
from breaking without being subjected to an excessive
tension. After the variation of the tension on the wire elec-
trode 1 is stabilized within a predetermined range, on the
other hand, the electrode tension can be controlled for
electric discharge machining with speed control that en-
sures steadier tension control.

[0061] In the embodiment described above, tension
control based on torque control is switched over to ten-
sion control based on speed control from tension control
based on torque control when the detected tension falls
into a predetermined range after the passage of a certain
time since the start of travel of the wire electrode 1. Since
the variation of the tension on the electrode 1 converges
with the passage of time after the start of travel of the
electrode 1, however, tension control based on torque
control may alternatively be automatically switched over
to tension control based on speed control from tension
control based on torque control when the preset time has
elapsed after the start of travel of the wire electrode 1.
[0062] In the processing shown in FIG. 3, in this case,
it is necessary only that the timer be reset and started
(Step a3) after the speed command is delivered to the
delivery motor M2 without being followed by the process-
es of Steps a4 and a5, and that the procedure proceed
to Step a7 when the preset time in the timer is up (Step
ab).

[0063] In the foregoing embodiment, moreover, the
wire electrode is run by rotating the delivery motor M2 at
a predetermined speed, and the torque or speed of the
feed motor M1 is controlled by tension feedback control
such that the tension on the wire electrode detected by
the tension detector 6 agrees with a command value.
Alternatively (or in contrast with this), the torque or speed
of the delivery motor M2 may be controlled by tension
feedback control such that the tension on the wire elec-
trode detected by the tension detector 6 agrees with a
command value, with the feed motor M1 driven before-
hand at a predetermined speed. Alternatively, moreover,
the respective torques or speeds of both the feed and
delivery motors M1 and M2 may be controlled based on
the tension feedback control of the wire electrode 1.
[0064] Furthermore, the wire-cut electric discharge
machine generally has an automatic wire connecting
function, which involves cutting and automatic insertion
of the wire electrode 1. A cutting system for the electrode
1 roughly includes the following two methods.

[0065] A: A method for mechanically cutting the wire
electrode 1 by means of an edge tool.

[0066] B: A heat-cutting system in which a current is
applied to the wire electrode 1 to heat a part of it and the
electrode 1 is torn by rewinding.

[0067] In the case of the heat-cutting system for the
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wire electrode cutting (the above method B), a predeter-
mined tension must be applied to the wire electrode as
the electrode is cut. In doing this, torque control can be
utilized as tension control is performed based on torque
control so that the tension detected by the tension de-
tector 6 is equal to a predetermined value, whereby a
workpiece is heat-cut in a predetermined position.

Claims

1. A wire-cut electric discharge machine having a wire
tension control function, comprising:

a first motor for feeding a wire electrode to a
workpiece to be machined;

a second motor for delivering the wire electrode
from the workpiece;

tension detecting means which is located be-
tween the workpiece and the first motor and de-
tects a tension on the wire electrode;

speed detecting means for detecting respective
rotational speeds of the first and second motors;
first control means for controlling the rotational
speed of the first motor to be equal to a preset
rotational speed;

second control means for controlling a rotational
torque of the second motor so that the tension
on the wire electrode detected by the tension
detecting means is at a preset value;

third control means for controlling the rotational
speed of the second motor so that the tension
on the wire electrode detected by the tension
detecting means is at a preset value; and
switching control means which causes the first
control means to drivingly control the first motor,
causes the second control means to perform
torque control for the second motor, thereby run-
ning the wire electrode, and switches the second
control means over to the third control means to
perform speed control for the second motor
when machining is started.

2. The wire-cut electric discharge machine according
to claim 1, wherein the switching control means
starts the machining and switches the second control
means over to the third control means after the pas-
sage of a preset time since the start of travel of the
wire electrode.

3. The wire-cut electric discharge machine according
to claim 1, wherein the switching control means
starts the machining and switches the second control
means over to the third control means after the ten-
sion on the wire electrode detected by the tension
detecting means is kept within a predetermined
range for a preset time or longer after the wire elec-
trode is run.
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4.

The wire-cut electric discharge machine according
to claim 1, which further comprises drive control
means for driving the first motor with a preset torque.

A wire-cut electric discharge machine having a wire
tension control function, comprising:

a first motor for feeding a wire electrode to a
workpiece to be machined;

a second motor for delivering the wire electrode
from the workpiece;

tension detecting means which is located be-
tween the workpiece and the first motor and de-
tects a tension on the wire electrode;

speed detecting means for detecting respective
rotational speeds of the first and second motors;
first control means for controlling the rotational
speed of the second motor to be equal to a pre-
set rotational speed;

second control means for controlling a rotational
torque of the first motor so that the tension on
the wire electrode detected by the tension de-
tecting means is at a preset value;

third control means for controlling the rotational
speed of the first motor so that the tension on
the wire electrode detected by the tension de-
tecting means is at a preset value; and
switching control means which causes the first
control means to drivingly control the second
motor, causes the second control means to per-
form torque control for the first motor, thereby
running the wire electrode, and switches the
second control means over to the third control
means to perform speed control for the first mo-
tor when machining is started.

The wire-cut electric discharge machine according
to claim 5, wherein the switching control means
starts the machining and switches the second control
means over to the third control means after the pas-
sage of a preset time since the start of travel of the
wire electrode.

The wire-cut electric discharge machine according
to claim 5, wherein the switching control means
starts the machining and switches the second control
means over to the third control means after the ten-
sion on the wire electrode detected by the tension
detecting means is kept within a predetermined
range for a preset time or longer after the wire elec-
trode is run.

The wire-cut electric discharge machine according
to claim 5, which further comprises drive control
means for driving the first motor with a preset torque.
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